The homemade photoreactor equipped with a solar simulator (Newport Sol3A) and reaction cell with quartz window was used for the thermal methanation reaction. N2 was used as internal standard. The reactor was prepared by filling the reactor with catalyst (typically 300 mg) and N2 and subsequent evacuation for 3 times. Then, the reactor was filled with the reaction mixture of H2 (Linde 6.0) and CO2 (Linde 4.5) and diluted with N2 (Linde 5.0) with the ratio H2:CO2:N2, (5:1:1) until the total pressure was 3.5 bar (2.5 bar overpressure). Prior to each experiment, the temperature was stabilized to desired reaction temperature in the range from 25°C to 150°C using electrical heating. When the temperature is stable the starting time of the reaction is determined (t=0), the CH4 formation before the starting time is subtracted from the experiments. Gas samples were taken from the reactor using a gas lick tied syringe. 3 mL of gas were taken from the upper part of the reactor at different times and direct measured in the gas chromatograph Reaction rate calculated by a linear fit of the produced CH4 in the first 15 min of the reactions. Table S4 . Light intensity, Tcat, reaction rate for the experiments with illumination, calculated reaction rates for reactions without illumination at Tcat of the reactions with illumination, ratio klight/kdark and PTM efficiency.
PTM = 100%
with kl = reaction rate upon illumination, kd = reaction rate in dark at same catalyst temperature as in the illumination reaction, Φ = photon flux and A = illuminated area.
Reaction rate calculated by a linear fit of the produced CH4 in the first 15 min of the reactions. iii JCPDS reference patterns: Ru 00-006-0663; RuO2 00-040-1290; Al2O3 00-10-0425.
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S15. Characterization of the spherical Ru catalyst by XRD analysis Figure S16 . XRD analyses of the spherical Ru catalyst supported on γ-Al2O3.
The crystallinity of the spherical Ru catalyst is confirmed by XRD analysis, giving reflections for the metallic Ru located at 2θ = 38.39° and 44.01°.
S16. Experimental details for and results from XPS analysis
The XPS-measurements have been carried out in a Quantera SXMtm from ULVAC-PHI (Q1).
The measurements have been performed using monochromatic AlK-radiation and a take-off angle Θ of 45°; at this angle the information depth is approximately 7 nm. A spot size of 100 µm, scanned across an area of 500 x 500 µm was applied for the analyses. By means of wide-scan measurements the elements present at the surface have been identified; accurate narrow-scans have been measured for quantification. Standard sensitivity factors were used to convert peak areas to atomic concentrations. As a result it is possible that the concentrations deviate from reality in the absolute sense (generally not more than 25% relative). When XPS measurements are compared to each other, the relative error is usually within 10%.
The powders were deposited in the holes of a special powder holder, see Figure S17 . This was done in an Ar-glove box (O2 and H20 < 1 ppm). Subsequently the holder was transported to the XPS machine without contact to ambient air.
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Figure S17. XPS holder with powders.
point 44 = RuO2 precatalyst; point 45 = rod-like Ru catalyst after reaction; point 46 = rod-like Ru catalyst. Table S5 . concentrations of the elements present at the surface of the samples. 
S18. Experimental details for UV-vis-NIR spectroscopy
The diffuse reflectance spectra of the powders were measured using an Agilent Cary-5000 UVvis-NIR spectrophotometer equipped with an Internal Diffuse Reflectance Accessory (DRA-2500). For this the catalyst powders were first diluted with spectroscopy grade potassium bromide (KBr, Uvasol), while a blank KBr sample was used as the reference powder for setting the reflectance to 100%. S19. Characterization of RuO2 precatalyst with UV-vis-NIR spectroscopy Figure S24 . UV-VIS-NIR spectra of the RuO2 precatalyst (red) and Ru catalyst (blue).
The RuO2 precatalyst displays two distinct absorption bands centered at a wavelength of ~350 nm and ~800 nm ( Figure S6, red) . Figure S26 . UV-VIS-NIR spectra of the spherical Ru catalyst.
S20. Characterization of the spherical Ru catalyst with UV-vis-NIR spectroscopy
The spectrum clearly shows that the Ru catalyst features a weak broad and asymmetric absorption which spans the UV-vis-NIR range with a maximum at ~320 nm.
S21. Details for the optical modeling based on the boundary element method (BEM).
In order to gain insights into the UV-vis-NIR optical properties of both the RuO2 precatalyst and the Ru catalyst, we performed optical simulations based on the boundary element method (BEM). This numerical method provides a non-analytical solution of Maxwell's equations for axially-symmetric objects. iv We used the BEM to determine the UV-vis-NIR extinction, absorption, and scattering cross sections of two representative nanoparticle morphologies present in our precatalyst and catalyst samples, namely a spherical nanoparticle (diameter = 11 nm) and a nanorod (length x width =153 x 14 nm, aspect ratio = 10.9). Their contour surfaces were scattering cross section of a Ru nanorod (length  width = 153  14 nm, aspect ratio=10.9) upon light incidence at 45° with respect to its longitudinal axis and also embedded in the same medium.
S22. Procedure for a typical reaction using a long-pass filter.
A homemade photoreactor equipped with a solar simulator (Newport Sol3A) and reaction cell with quartz window was used for the sunlight fueled methanation reaction (See SI). In between the solar simulator and reaction cell a filter (either a long-pass filter of 395 nm or 495 nm) was placed. N2 was used as internal standard. The reactor was prepared by filling the reactor with catalyst (typically 300 mg) and N2 and subsequent evacuation for 3 times. Then, the reactor was filled with the reaction mixture of H2 (Linde 6.0) and CO2 (Linde 4.5) and diluted with N2 (Linde 5.0) with the ratio H2:CO2:N2, (4:1:1) until the total pressure was 3.5 bar (2.5 bar overpressure).
Prior to each experiment, the temperature was stabilized to desired reaction temperature in the range from 25 °C to 150 °C using electrical heating. During the experiment, the catalyst was irradiated from the top through the wavelength filter and then through the quartz window. The irradiation source was a solar light simulator provided with a filter of air mass coefficient 1.5 (AM 1.5), conventionally taken to 1 kW m -2 . The filters used were Newport 20CGA-395 and Newport 20CGA-495 long-pass filters.
The moment the lamp is switched on is considered the starting time of the reaction, the CH4 formation before the starting time is subtracted from the light experiments. Gas samples were taken from the reactor using a gas lick tied syringe. 3 mL of gas were taken from the upper part of the reactor at different times and direct measured in the gas chromatograph (compact GC
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Interscience). The GC is equipped with three channels, 2 micro TCD detector and one FID detector. The first channel, used to measure H2, O2, N2 and CO, has a MolSieve 5 Å column and RT-Q bond precolumn and TCD detector. The second channels, used to measure H2O and CO2, has a combination of TR-U bond column and RT-Q bond column and TCD detector. The third channel, used to measure methane, ethane and propane, is fitted with a Rtx-1, 2u column and FID detector.
S23. Details of the experiments performed for Figure 8b light intensity (sun) Table S6 . Light intensity, Tcat and reaction rate for the experiments to determine the difference in photon to methane efficiency using spherical and rod-like Ru catalysts.
PTM' = 100%
with kl = reaction rate upon illumination, kd' = reaction rate in dark at Treactor, Φ = photon flux and A = illuminated area.
S24. Experimental details for inductively coupled plasma optical emission spectroscopy (ICP-
OES)
Approximately 10 mg sample was weighed with a precision of 0.01 mg into a platinum crucible.
The sample is digested with a mixture of lithium metaborate and sodium carbonate (1:1).
Therefore the sample is completely converted with the digestion mixture and heated for 15 minutes at 1100 °C. After the crucible has cooled, the solidified melt is dissolved with hydrochloric acid (1:1) and filled to a volume adapted to the ruthenium content with distilled water. The ruthenium is determined spectrometrically after addition of lanthanum and cesium.
